
Molecules with more than OneMolecules with more than One

Chiral Chiral CarbonCarbon

2,3-2,3-Dihydroxybutanoic Dihydroxybutanoic acidacid

What are all the possible What are all the possible RR and  and SS
combinations of the two combinations of the two chiral chiral carbons in thiscarbons in this
molecule?molecule?
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CHCH33CHCHCOHCHCHCOH

HOHO OHOH

2233

Carbon-2Carbon-2 RR RR SS SS
Carbon-3Carbon-3 RR SS RR SS

2,3-2,3-Dihydroxybutanoic Dihydroxybutanoic acidacid

4 Combinations = 44 Combinations = 4 Stereoisomers Stereoisomers

 
OO

CHCH33CHCHCOHCHCHCOH

HOHO OHOH

2233

Carbon-2Carbon-2 RR RR SS SS
Carbon-3Carbon-3 RR SS RR SS

2,3-2,3-Dihydroxybutanoic Dihydroxybutanoic acidacid

4 Combinations = 44 Combinations = 4 Stereoisomers Stereoisomers

What is the relationship between theseWhat is the relationship between these stereoisomers stereoisomers??

 
OO

CHCH33CHCHCOHCHCHCOH

HOHO OHOH

2233

Carbon-2Carbon-2 RR RR SS SS
Carbon-3Carbon-3 RR SS RR SS

2,3-2,3-Dihydroxybutanoic Dihydroxybutanoic acidacid

 
OO

CHCH33CHCHCOHCHCHCOH

HOHO OHOH

2233

Carbon-2Carbon-2 RR RR SS SS
Carbon-3Carbon-3 RR SS RR SS

enantiomersenantiomers:: 22RR,3,3RR and 2 and 2SS,3,3SS
22RR,3,3SS and 2 and 2SS,3,3RR

They have the same physical properties.They have the same physical properties.
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[[αα] = -9.5] = -9.5°° [[αα] = +9.5] = +9.5°°

[[αα] = -17.8] = -17.8°°[[αα] = +17.8] = +17.8°°



2,3-2,3-Dihydroxybutanoic Dihydroxybutanoic acidacid

 
OO

CHCH33CHCHCOHCHCHCOH

HOHO OHOH

2233

Carbon-2Carbon-2 RR RR SS SS
Carbon-3Carbon-3 RR SS RR SS

but not all relationships arebut not all relationships are enantiomeric enantiomeric

stereoisomers stereoisomers that are notthat are not enantiomers  enantiomers areare
diastereomersdiastereomers

IsomersIsomers

stereoisomersstereoisomersconstitutionalconstitutional
isomersisomers

diastereomersdiastereomersenantiomersenantiomers
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diastereomersdiastereomersdiastereomers

COCO22HH

CHCH33

HH OHOH

OHOHHH
RR

SS

enantiomersenantiomersenantiomers

[[αα] = -9.5] = -9.5°° [[αα] = +9.5] = +9.5°°

[[αα] = -17.8] = -17.8°°[[αα] = +17.8] = +17.8°°

COCO22HH

CHCH33

Fischer ProjectionsFischer Projections

recall for Fischerrecall for Fischer
projection:projection:
horizontal bondshorizontal bonds
point toward you;point toward you;
vertical bonds pointvertical bonds point
awayaway

staggeredstaggered
conformation doesconformation does
not have correctnot have correct
orientation of bondsorientation of bonds
for Fischer projectionfor Fischer projection

Fischer projections Fischer projections 

transformtransform
molecule tomolecule to
eclipsedeclipsed
conformationconformation
in order toin order to
constructconstruct
FischerFischer
projectionprojection



Fischer projections Fischer projections 

COCO22HH

CHCH33

OHOH

OHOH

HH

HH

Erythro Erythro andand Threo Threo

stereochemical stereochemical prefixes used to specifyprefixes used to specify
relative configuration relative configuration in molecules with twoin molecules with two
chiral chiral carbonscarbons

easiest to apply using Fischer projectionseasiest to apply using Fischer projections

orientation:  vertical carbon chainorientation:  vertical carbon chain

when carbon chain is vertical, same (or when carbon chain is vertical, same (or 
analogous)analogous) substituents  substituents on on same sidesame side of  of 
Fischer projectionFischer projection

COCO22HH
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––9.59.5°° +9.5+9.5°°
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when carbon chain is vertical, same (or when carbon chain is vertical, same (or 
analogous)analogous) substituents  substituents on on opposite sidesopposite sides of  of 
Fischer projectionFischer projection

+17.8+17.8°° ––17.817.8°°
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Perspective formula

Fischer projection



Achiral Achiral MoleculesMolecules
withwith

Two Two Chiral Chiral CentersCenters

It is possible for a molecule toIt is possible for a molecule to
have have chiral chiral carbons yet becarbons yet be
achiralachiral..

Symmetry Tests Symmetry Tests 

for for ChiralityChirality

Any molecule with a plane of symmetryAny molecule with a plane of symmetry
or a center of symmetry must be or a center of symmetry must be achiralachiral..

A plane of symmetry bisects a molecule into two A plane of symmetry bisects a molecule into two 
mirror image halves.  mirror image halves.  Chlorodifluoromethane Chlorodifluoromethane 

has a plane of symmetry.has a plane of symmetry.

Plane of symmetryPlane of symmetry

A plane of symmetry bisects a molecule into two A plane of symmetry bisects a molecule into two 
mirror image halves.  mirror image halves.  Chlorodifluoromethane Chlorodifluoromethane 

has a plane of symmetry.has a plane of symmetry.

Plane of symmetryPlane of symmetry

A plane of symmetry bisects a molecule into two A plane of symmetry bisects a molecule into two 
mirror image halves.mirror image halves.

1-1-BromoBromo-1--1-chlorochloro-2--2-fluoroethene fluoroethene has a planehas a plane
of symmetry.of symmetry.

Plane of symmetryPlane of symmetry



A plane of symmetry bisects a molecule into two A plane of symmetry bisects a molecule into two 
mirror image halves.mirror image halves.

1-1-BromoBromo-1--1-chlorochloro-2--2-fluoroethene fluoroethene has a planehas a plane
of symmetry.of symmetry.

Plane of symmetryPlane of symmetry

A point in the center of theA point in the center of the

molecule is a center of molecule is a center of 

symmetry if a line drawn symmetry if a line drawn 

from it to some element, from it to some element, 

 when extended an equal  when extended an equal 

distance in the opposite distance in the opposite 

 direction, encounters an  direction, encounters an 

identical element. identical element. 

Center of symmetryCenter of symmetry

A point in the center of theA point in the center of the

molecule is a center of molecule is a center of 

symmetry if a line drawn symmetry if a line drawn 

from it to any element, from it to any element, 

when extended an equal when extended an equal 

distance in the opposite distance in the opposite 

direction, encounters an direction, encounters an 

identical element. identical element. 

Center of symmetryCenter of symmetry 2,3-2,3-ButanediolButanediol

Consider a molecule with two equivalentlyConsider a molecule with two equivalently
substituted substituted chiral chiral carbons such as 2,3-carbons such as 2,3-
butanediolbutanediol..

CHCH33CHCHCHCHCHCH33

HOHO OHOH

3322

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3RR 22SS,3,3SS 22RR,3,3SS

chiralchiral chiralchiral achiralachiral

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3RR 22SS,3,3SS 22RR,3,3SS

chiralchiral chiralchiral achiralachiral
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ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3RR 22SS,3,3SS

chiralchiral chiralchiral

these two arethese two are
enantiomersenantiomers

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3RR 22SS,3,3SS

chiralchiral chiralchiral

CHCH33

CHCH33

OHOHHH

HHHOHOHH OHOH

CHCH33

CHCH33

HHHOHO
these two arethese two are
enantiomersenantiomers

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3SS

achiralachiral

the third structure isthe third structure is  
superposable superposable on itson its
mirror imagemirror image

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3SS

achiralachiral

therefore, this structuretherefore, this structure
and its mirror imageand its mirror image
are the sameare the same

it is called ait is called a meso  meso formform

aa meso  meso form is anform is an
achiral achiral molecule thatmolecule that
has has chiral chiral carbonscarbons

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3SS

achiralachiral

HH

CHCH33

CHCH33

OHOH

OHOHHHHHHOHO

CHCH33

CHCH33

HHHOHO

therefore, this structuretherefore, this structure
and its mirror imageand its mirror image
are the sameare the same

it is called ait is called a meso  meso formform

aa meso  meso form is anform is an
achiral achiral molecule thatmolecule that
has has chiral chiral carbonscarbons

ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3SS

achiralachiral

meso meso forms have a plane offorms have a plane of
symmetry and/or a center ofsymmetry and/or a center of
symmetrysymmetry

plane of symmetry is mostplane of symmetry is most
common casecommon case

top half of molecule is mirrortop half of molecule is mirror
image of bottom halfimage of bottom half



ThreeThree stereoisomers  stereoisomers of 2,3-of 2,3-butanediolbutanediol

22RR,3,3SS

achiralachiral

HH

CHCH33

CHCH33

OHOH

OHOHHHHHHOHO

CHCH33

CHCH33

HHHOHO

A line drawnA line drawn
the center ofthe center of
the Fischer the Fischer 
projection of aprojection of a
meso meso formform
bisects it intobisects it into
two mirror-two mirror-
image halves.image halves.

SS RR RRRR

chiralchiralmesomeso

There are threeThere are three stereoisomers  stereoisomers of 1,2-of 1,2-dichlorodichloro--

cyclopropanecyclopropane;  the;  the achiral  achiral ((mesomeso) cis isomer) cis isomer

and twoand two enantiomers  enantiomers of the trans isomer.of the trans isomer.

Cyclic compoundsCyclic compounds

Chirality:
di-substituted cyclopentanes

and
cylcohexanes

1,2-Disubstituted
Cyclopentanes
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CH3

CH3
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1,3-Disubstituted
Cylcopentanes

CH3 CH3
CH3

CH3
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R- S- R- R-

No plane of symmetry



As long as any one conformer of a compound has a 
plane of symmetry, the compound will be achiral

plane of
symmetry

plane of
symmetry

Cyclohexane Stereochemistry
Cis isomers
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1,2-disubstituted-cis-cyclohexane
Stereochemistry
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Cyclohexane Stereochemistry
Trans isomers
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Point

..

MoleculesMolecules

withwith

Multiple Multiple chiral chiral carbonscarbons

maximummaximum number of number of stereoisomers  stereoisomers = 2= 2nn

where where nn = number of structural units = number of structural units
capable ofcapable of stereochemical  stereochemical variationvariation

structural units include structural units include chiral chiral carbons andcarbons and
cis and/or trans double bondscis and/or trans double bonds

number is reduced to less than 2number is reduced to less than 2nn if if meso meso
forms are possibleforms are possible

How manyHow many stereoisomers stereoisomers??



ExampleExample

4 4 chiral chiral carbonscarbons

1616 stereoisomers stereoisomers
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HOCHHOCH22CCHH——CCHH——CCHH——CCHCHHCH

OHOH OHOH OHOH OHOH

HexaldoseHexaldose sugar sugar
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11 11 chiral chiral carbonscarbons

221111 = 2048 = 2048 stereoisomers stereoisomers

one is "natural"one is "natural" cholic  cholic acidacid

a second is thea second is the enantiomer  enantiomer ofof
naturalnatural cholic  cholic acidacid

2046 are2046 are diastereomers  diastereomers ofof
cholic cholic acidacid

Cholic Cholic acidacid

maximummaximum number of number of stereoisomers  stereoisomers = 2= 2nn

where where nn = number of structural units = number of structural units
capable ofcapable of stereochemical  stereochemical variationvariation

structural units include structural units include chiral chiral carbons andcarbons and
cis and/or trans double bondscis and/or trans double bonds

number is reduced to less than 2number is reduced to less than 2nn if if meso meso
forms are possibleforms are possible

How manyHow many stereoisomers stereoisomers??

3-3-PentenPenten-2--2-olol

HOHO HH

EE RR

HH OHOH

EE SS
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How manyHow many stereoisomers stereoisomers??
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